US009790870B2

a2y United States Patent (10) Patent No.: US 9,790,870 B2

Hou 45) Date of Patent: Oct. 17, 2017
(54) METHOD FOR PROCESSING A SIGNAL (52) U.S. CL
SUPPLIED BY A BI-DIRECTIONAL SENSOR CPC ........... Fo2D 28/00 (2013.01); F02D 41/009
AND CORRESPONDING DEVICE (2013.01); F02D 41/0097 (2013.01); HO3K
5/156 (2013.01); HO3K 5/26 (2013.01)
(71) Applicants: CONTINENTAL AUTOMOTIVE (38) Field of Classification Search
FRANCE, Toulouse (FR); CPC .... FO2D 41/009; FO2D 2250/06; FO2D 28/00;
CONTINENTAL AUTOMOTIVE FO2D 41/0097; FO2N 2250/04; HO3K
GMBH, Hannover (DE) 5/136; HO3K 5/26
See application file for complete search history.
(72) Inventor: Jerome Hou, Saint-Alban (FR) (56) References Cited
(73) Assignees: CONTINENTAL AUTOMOTIVE U.S. PATENT DOCUMENTS
FRANCE, Toulouse (FR);
CONTINENTAL AUTOMOTIVE 2003/0218443 Al* 11/2003 Nakamicht ............. F02D 41/20
318/685
GMBH, Hannover (DE) 2006/0162701 Al*  7/2006 Kassner ............... F02D 41/009
123/479
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 66 days. FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 14/647,249 CN 101592542 12/2009
JP 2005233622 A * 972005
(22) PCT Filed:  Nov. 26, 2013 P 2012077646 A * 4/2012
(86) PCT No.: PCT/EP2013/003561 OTHER PUBLICAITONS
§ 371 (c)(1), International Search Report, dated Apr. 22, 2014, from correspond-

(2) Date: May 26, 2015 ing PCT application.

Primary Examiner — S1zo Vilakazi

(87) PCL Pub. No.: WO2014/082731 (74) Attorney, Agent, or Firm — Young & Thompson

PCT Pub. Date: Jun. 5, 2014

(37) ABSTRACT
: o A method and device for processing a signal (CRK) pro-
(65) Prior Publication Data vided by a bidirectional sensor, the method includes the
US 2015/0315988 Al Nowv. 5, 2015 following steps:
generation of a first signal (CRK_CNT) utilizing all the
(30) Foreign Application Priority Data slots of the signal provided by the sensor,
generation of a second signal (CRK_FW) utilizing the
Now. :’))O,J 2012 (FR) ...................................... 12 61484 slots Cgrresponding to a first direction of tI'ElIlSit,,
generation of a third signal (CRK_BW) utilizing the slots
(51) Int. CIL. corresponding to a second direction of transit,
F02D 28/00 (2006.01) connection of the first signal to the input of the first
HO3K 5/156 (2006.01) clectronic component,

(Continued) (Continued)

18

20
22
23




US 9,790,870 B2
Page 2

connection of the second and third signals to a second
component,

detection by the second component of edges of the signals
recelved,

change of the value of the predefined threshold (THMI) in

the first component upon each detection of an edge.
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METHOD FOR PROCESSING A SIGNAL
SUPPLIED BY A BI-DIRECTIONAL SENSOR
AND CORRESPONDING DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method for processing,
a signal provided by a bidirectional sensor as well as to a
device for the implementation of such a method.

The field of the present invention 1s more particularly the
field of the management of signals provided by sensors in an
engine ol a vehicle, for example an automotive vehicle, so
as to determine parameters ol the engine with a view to
managing the proper operation of the latter.

Description of the Related Art

In an internal combustion engine, there 1s generally at
least one movable piston for varying the volume of a
combustion chamber. Admission and exhaust of fluids 1n
combustion chambers are usually carried out with the aid of
poppet valves controlled by at least one camshaft. The
energy developed in the combustion chambers by combus-
tion of a fuel within an oxidant 1s transmitted by each piston
to a crankshatft.

For the management of the internal combustion engine, it
1s 1important to know the “phasing”™ (also called “synchro-
nization”) of the engine. The term “phasing” refers to the
precise determination of the stroke of the engine cycle (for
an internal combustion engine of 4-stroke type they are:
admission, compression, combustion, exhaust) which the
engine 1s 1n for each of its cylinders. The precise position
within a stroke of the engine cycle 1s usually established by
determining the position of the crankshaft. However, for an
internal combustion engine of 4-stroke type, the duration of
an engine cycle in a combustion chamber corresponds to two
complete revolutions of the crankshaft. Thus, to ascertain
the phasing of an internal combustion engine of this type, an
additional 1tem of information 1s necessary. It 1s then cus-
tomary to obtain this item of information on the basis of a
camshaft position sensor. Indeed, a camshait has a rotation
speed corresponding to hall the rotation speed of the corre-
sponding crankshait and, therefore, traverses only one revo-
lution over the duration of a complete 4-stroke engine cycle.

Customarily, the position sensor corresponding to the
crankshaft cooperates with a target comprising a large
number of teeth (generally thirty-six or sixty, without taking,
account of one or two missing teeth making it possible to
define an origin on the target) while the target used in
cooperation with the camshatt sensor exhibits only few teeth
(for example four). The signal provided by the sensor
corresponding to the crankshaft 1s then used to precisely
ascertain the position of the crankshaft (and therefore of the
pistons).

However, when the signal of this sensor 1s defective or
noisy, provision 1s made to use the signal emanating from
the sensor corresponding to a camshaft in degraded mode.

The signals provided by the sensors corresponding to the
crankshaft and to at least one camshait are injected into an
clectronic device, such as for example a generic timer
module GTM. Within this module, a digital phase locked
loop DPLL 1s provided for managing the synchronization of
the engine position and generating an angular clock.

While the engine i1s stopping, the crankshaft oscillates
about an equilibrium position corresponding to the engine

10

15

20

25

30

35

40

45

50

55

60

65

2

stopping position. If i1t 1s desired to then rapidly start the
engine after 1t has stopped, 1t 1s important to precisely

ascertain the engine stopping position. Novel position sen-
sors, also called bidirectional sensors, are making 1t pos-
sible, on the one hand, like the sensors of the prior art, to
detect an edge corresponding to a tooth but also, on the other
hand, to determine the direction of rotation of the corre-
sponding target. A strategy integrated into the digital phase
locked loop makes 1t possible to take account of the 1tem of
information relating to the direction of rotation of the target
and thus to ascertain the position of the engine when the
latter stops.

A bidirectional sensor of known type, for example from
document JP 2005 233622, provides signals exhibiting an
active level and an 1inactive level. The duration of active
level depends on the direction of rotation of the target. For
example, a double duration of active level can be chosen for
a reverse rotation with respect to the duration of active level
for a rotation 1n the usual direction. It 1s thus possible to
determine for each new edge the corresponding direction of
transit. A corresponding strategy in the digital phase locked
loop 1s then used for the realization of the angular clock.

However, there exist bidirectional sensors operating
according to another principle. The direction of rotation of
the target 1s given in the signal by varying for example the
voltage corresponding to the active level and/or to the
inactive level. Such a sensor 1s also known from document
JP 2005 233622, FIG. 6, whose signal comprises four

different levels.

BRIEF SUMMARY OF THE INVENTION

The aim of the present imvention i1s then to provide a
method for processing a signal provided by a bidirectional
sensor which makes it possible to provide an angular clock
with a sensor giving an indication of the direction of rotation
of the corresponding target, for example through a variation
in voltage of the active level and/or of the mnactive level,
while the digital phase locked loop used 1s programmed to
detect different durations of active level. Preferably, the
method according to the mvention will make 1t possible to
carry out a reliable determination of the angular position of
the corresponding engine. Furthermore, advantageously, the
modifications to be alforded at the level of the corresponding
electronic device will be limated.

For this purpose, the present invention proposes a method
for processing a signal provided by a bidirectional sensor
detecting the transit of teeth of a target with a view to
generating an angular clock of an internal combustion
engine with the aid of a first electronic component receiving
the signal originating from the bidirectional sensor, said first
component exhibiting means for determiming, 1n a signal
exhibiting low-level segments and high-level segments,
whether the length of a segment of a given level 1s or 1s not
greater than a predefined threshold, and the signal provided
by the bidirectional sensor being a signal 1n the form of slots
comprising at least low-level segments, high-level seg-
ments, and intermediate-level segments, each slot corre-
sponding to the transit of a tooth of a target 1n front of the
sensor and the signal also comprising characteristics making
it possible to determine the direction of transit of the tooth.

According to the present mnvention, such a processing
method comprises the following steps:

generation of a first signal utilizing all the slots of the

signal provided by the sensor but exhibiting only
segments corresponding to a first level and segments
corresponding to a second level,
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generation of a second signal utilizing the slots of the
signal provided by the sensor and corresponding to a
first direction of transit of a tooth 1n front of the sensor,
and exhibiting a constant level during the rotation of
the target in the second direction of transit,

generation of a third signal utilizing the slots of the signal
provided by the sensor and corresponding to a second
direction of transit of a tooth 1n front of the sensor, and
exhibiting a constant level during the rotation of the
target 1n the first direction of transit,

connection of the first signal to the mmput of the first

clectronic component,
connection of the second signal and of the third signal to
a second electronic component,

detection by the second electronic component of rising
and/or falling edges of the second signal and of the
third signal,

change of the value of the predefined threshold 1n the first

component when the second electronic component
detects an edge on one of the two signals connected to
the second component whereas the previous edge has
been detected on the other signal, the threshold value
being able to take either a first predefined value termed
the maximum value or a second predefined value
termed the minimum value 1n such a way that the length
of the slots 1s always on

one and the same side of the corresponding threshold (one

in one direction and the other 1n the other).

The 1dea at the origin of the present invention 1s therefore,
on the one hand, of adapting the signal so as to render 1t
compatible with the component and, on the other hand, of
changing the threshold value used by this component. In this
way, the component becomes compatible with several bidi-
rectional sensors. Furthermore, the adaptation of one sensor
to another, as emerges from the description hereinafter given
with reference to the appended figures, can be done while
limiting the amount and the cost of the hardware means
necessary for said adaptation.

In one embodiment of the method according to the
invention, the third signal 1s for example obtained by taking
the difference between the first signal and the second signal.
In this manner the means to be implemented to obtain this
third signal are limited.

To facilitate the implementation of the processing method
according to the invention, the detection of rising and/or
falling edges of the second signal and of the third signal 1s
carried out by carrying out the detection on one signal, and
then, as soon as a sought-after edge 1s detected, the detection
1s carried out solely on the other signal, until a sought-after
edge 1s detected therecon. In this way, 1t 1s needless to
permanently monitor two signals.

The present invention also relates to an electronic device
exhibiting means for the implementation of each of the steps
ol a processing method such as described hereinabove.

In one embodiment of an electronic device such as this, a
generic timer module inside which are embedded the first
component and the second component, as well as at least one
third component outside the generic timer module for gen-
crating the second signal and the third signal can be envis-
aged.

In an electronic device according to the invention, the first
component 1s for example a phase locked loop, especially a
digital phase locked loop (DPLL).

Finally, the present invention also relates to a manage-
ment system of an mternal combustion engine, noteworthy
in that 1t comprises an electronic device such as described
hereinabove as well as at least one bidirectional sensor.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

Details and advantages of the present invention will
emerge better from the description which follows, given
with reference to the appended schematic drawing in which:

FIG. 1 illustrates a generic timer module that can be used
for the implementation of the present invention,

FIG. 2 illustrates a threshold value used 1n a component
of the module of FIG. 1,

FIG. 3 illustrates a detection of direction of rotation of the
prior art,

FIG. 4A 1llustrates a first signal provided by a bidirec-
tional sensor and three signals obtained on the basis of this
first signal,

FIG. 4B 1llustrates a second signal provided by a bidi-
rectional sensor as well as three signals obtained on the basis
of this second signal,

FIG. 5 schematically 1llustrates a step that can be 1mple-
mented 1n the present ivention,

FIG. 6 15 a flowchart that can be used for the implemen-
tation of the present invention, and

FIG. 7 schematically illustrates an implementation of the
present mvention.

(Ll

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

FIG. 1 1illustrates a generic timer module, subsequently
called GTM. Such a module can be used within an internal
combustion engine e¢lectronic management system. Inside
this module 1s a first component 2 charged with managing
the synchronization of the position of the corresponding
engine as well as with generating an angular clock. This first
component 2 1s for example a digital phase locked loop
(DPLL).

The first component 2 1s known from the prior art. It
generally recetves two signals originating from sensors (not
represented) embedded in the corresponding engine. A first
signal originates from a sensor associated with a toothed
target fastened to the crankshaft of the engine. Such a target
generally comprises thirty-six or sixty teeth (without taking
account of one or two missing teeth making 1t possible to
introduce a discontinuity defining an origin point on the
target), thereby vielding a precise signal to define the
position of said crankshaft. The second signal used in the
prior art with the first component 2 1s a less precise signal
originating for example from a sensor associated with a
target rotating with a camshait of the engine. However, as
the rotation speed of a camshatt corresponds exactly to half
the rotation speed of the crankshaft, the recerved signal
originating from the camshait makes 1t possible to ascertain
the position of the engine over 720°, also called “phasing”™
or “synchromization” of the internal combustion engine.

For certain engines 1t 1s necessary to precisely ascertain
the position of the engine when the latter has stopped. Now,
when the engine stops, the crankshait oscillates mechani-
cally about 1ts equilibrium position i which 1t will ulti-
mately stop. The crankshait then turns alternately in one
direction and then 1n the other.

By convention, 1n the subsequent description the direction
of rotation corresponding to the direction of rotation of the
engine when running will be called the forward (or FW)
direction of rotation. The opposite direction of rotation will
be called the backward (or BW) direction of rotation.

In order to determine the position of the engine when
stopped, it 1s required not only to detect the teeth of a target
transiting 1n front of the corresponding sensor but also the
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direction of transit of these teeth. For this purpose, there
exist sensors termed bidirectional sensors which provide a
signal which, on the one hand, makes 1t possible to detect the
transit ol each tooth and, on the other hand, give an
indication about the direction of transit of the corresponding
tooth.

FIG. 3 illustrates an exemplary signal provided by a
bidirectional sensor. It 1s noted that this signal 1s formed of
slots of two different types. On the left of FIG. 3 are first
slots of reduced length. Thereafter there 1s a dashed line 4
indicating here a change of direction of rotation of the
internal combustion engine. To the right of this dashed line
4, the slots of the signal represented are of bigger width.
Thus there are narrow slots and wide slots. FIG. 2 allows
comparison ol a narrow slot with a wide slot.

Each slot of the signal illustrated 1n FIG. 3 exhibits a first
active edge 6. The latter 1s used for the management of the
angular clock generated within the first component 2. The
length of the slot 1s thereafter used to determine the direction
of rotation of the tooth in front of the corresponding sensor.
The first component 2 i1s indeed programmed so as, on the
one hand, to detect the first active edge 6 and, on the other
hand, to determine the length of the slot. A threshold value,
called THMLI, 1s recorded 1n a register of the first component
2. As long as the length of the slot remains below the value
THMI, the first component considers that the tooth has
transited in front of the sensor in the forward direction of
rotation. In the converse case, 1t considers that the tooth has
transited in front of the sensor 1n the backward direction of
rotation.

In FIG. 3 1s thus represented a signal corresponding firstly
to the transit of three teeth 1n front of the corresponding
sensor 1n the forward direction of rotation. The dashed line
4 1llustrates, as mentioned above, the change of direction of
rotation of the crankshait, and therefore of the target asso-
ciated therewith. The following tooth then transits 1n front of
the sensor traveling backwards. One 1s therefore dealing
with the tooth which has just transited in front of the sensor
traveling forwards, just before the change of direction of
rotation of the crankshaft. The detection by the first com-
ponent of the change of direction illustrated by the dashed
line 4 1s carried out only when the corresponding slot has
been analyzed by the first component 2, that 1s to say
substantially at the date illustrated schematically in FIG. 3
by the arrow 8. The second edges 10 of the slots of the signal
illustrated 1n FIG. 3 are considered to be mnactive edges since
they do not correspond to a change of shape on the target.
However, these second edges 10 are used for determining
the direction of rotation of the crankshaft.

This prior art detection strategy works. However, novel
bidirectional sensors with different modes of operation from
that described hereinabove are appearing and are

providing signals of different shapes from those shown 1n
FIG. 3. The problem that the present invention proposes to
solve 1s to allow the use of the first component 2 to generate
an angular clock with signals of a different type from that
illustrated by FIGS. 2 and 3.

It 1s assumed by way of illustrative but nonlimiting
example that the signals provided by a novel bidirectional
sensor are ol the type of the signals CRK of FIGS. 4A and
4B. It 1s noted that these signals are in the form of slots.
However, whereas the signals illustrated in FIGS. 2 and 3
exhibited only a bottom level and a top level, 1t 1s noted that
the signals CRK of FIGS. 4A and 4B comprise low-level
segments 12, high-level segments 14 and intermediate-level
segments 16. The low level corresponds for example to a
voltage of 0V, the high level for example to a voltage of 5
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6

V while the intermediate level can correspond to a voltage
of 2.5 V. In a signal CRK, when the voltage difference at the
level of a slot 1s of the order of 5 V, this signifies that the
tooth transits 1n front of the sensor 1n the forward direction
of rotation. When the voltage difference at the level of a slot
1s ol the order of 2.5 V, this then signifies that the tooth
transits 1n front of the corresponding sensor 1n the backward
direction of rotation.

In FIGS. 4A and 4B a chain-dotted line 4' has been
represented which corresponds to a change of direction of
the crankshait for two distinct sensors. The signal CRK of
FIG. 4A corresponds to a first type of sensor which provides
a signal of level 0 V and 2.5 V for a reverse rotation and the
signal CRK of FIG. 4B corresponds to a second type of
sensor which provides a signal of level 2.5 Vand 5V for a
reverse rotation. As a function of the sensor, the active edge
of a slot of the signal can be either the first rising edge, or
the second falling edge. In FIGS. 4A and 4B, the active
edges are labeled by an arrow on the signal. It 1s noted here
that the active edges of the signals CRK are the falling
edges.

It 1s clearly noted that signals of this type cannot be
processed as 1s by the first component 2. The present
invention proposes to render such signals compatible with
the first component 2 described above.

It 1s proposed here to process the signal obtained by the

bidirectional sensor so as to generate three distinct signals
called in FIGS. 4A and 4B CRK_CNT, CRK FW and

CRK_BW.

The first signal CRK_CNT utilizes all the rising edges and
the falling edges of the signal CRK and thus forms slots.
Here, however, provision 1s made for the signal CRK_CNT
to have only low-level segments and high-level segments.
The low level can correspond to a voltage of 0 V while the
high level can correspond to a voltage of 2.5 or 5 V {for
example.

The second signal CRK_FW 1s a signal similar to the
signal CRK_CNT but for which the slots corresponding to
transits of teeth in the backward direction of rotation are
“erased”. This second signal CRK_FW 1s therefore such that
when the crankshaft rotates backwards, the level of this
second signal CRK_FW 1s constant. As 1llustrated in FIGS.
4A and 4B, the constant level can be either the low level or
the high level.

The third signal CRK_BW generated on the basis of the
signal CRK exhibits, 1n a similar manner, slots only when
the crankshait rotates in the backward direction of rotation.
A signal of constant level 1s therefore found when the
crankshait rotates in the forward direction of rotation and
slots corresponding to transits of teeth 1n front of the sensor
when the crankshait rotates in the backward direction of
rotation. It may be noted here that this third signal CRK_BW
may be obtamned by differencing between the signal
CRK_CNT and the signal CRK_FW.

It 1s proposed that the first signal CRK_CNT be 1njected
on a first input 18 of the first component 2. This first input
18 1s that provided for receiving a signal of the type of that
illustrated 1n FIG. 3. The first signal CRK_CNT 1s then
injected on second mput 20 of the module GTM at the level
of an electronic component of second component 24 type.
The latter automatically retransmits, without lag, the signal
received on the first mput 18 of the first component 2.

The second signal CRK_FW and the third signal
CRK_BW are injected respectively onto a third input 22 and
a fourth mput 23 of the module GTM. The second signal
CRK_FW and the third signal CRK_BW are each then

injected into an electronic component of second component
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24 type which 1s intended to detect the edges of the signals
that 1t receives 1t 1ts input. Both for the second signal
CRK_FW and for the third signal CRK_BW the second
components 24 can thus detect the active edge of each of
these signals (here this may be the rising edge or the falling
edge but 1n the typical case represented 1t 1s the falling edge).

It should be noted here that for their processing, the
signals may, if necessary, be filtered. It will then be appro-
priate to take care to limit the duration (delay) of the filter.

The 1tem of information, provided by the second compo-
nents 24, regarding level 1s dispatched directly to a
sequencer 26 of the module GTM by way of a transmission
module called in FIG. 1 ARU. Each sequencer 26 1s per-
manently on standby awaiting a first edge indicating a
change of direction. Having regard to the characteristics of
the second signal CRK_FW and of the third signal
CRK_BW, 1t 1s proposed here that after a detection of an
active edge on one signal (CRK_FW or CRK_BW), the
other signal (CRK_BW or CRK_FW) 1s observed so as to
detect on the latter the first active edge which arrives. The
latter informs of the change of direction of

rotation. FIG. 5 illustrates change-of-direction edges 28
on an example of signals CRK_FW and CRK_BW.

Thus, upon each detection of change of direction, the
sequencer 26 changes signal so as to prepare 1itself for the
next change of direction. Furthermore, the sequencer 26 then
uses a soltware interrupt request associated with this
sequencer. This mterrupt request 1s carried out at an elec-
tronic component external to the GTM. This external com-
ponent 1s for example a component of the DMA (“Direct
Memory Access”) type. The interrupt at the DMA compo-
nent 1s associated with an automatic transier which 1s used
to vary the value of the register THMI defined above, with
reference especially to FIG. 2.

In the associated electronic memory, a buller memory, or
just bufler, contains two values. It 1s proposed here that
values THMI MIN and THMI MAX be chosen as values
for the bufler memory.

A first value, for example THMI_MAX, of the bufler
memory corresponds to the maximum value that can be
taken by the register THMI. When 1t 1s recorded in the
register THMI, this value will always be greater than the
tooth duration measured and which 1s compared with the
THMI. It 1s then considered, by default, that the target 1s
rotating forwards.

The second value, THMI_MIN, 1s a value intentionally
chosen to be very low so that the first component 2 then sees
all the slots as being wide slots, that 1s to say having a greater
width than the threshold width. In the present case,
THMI_MIN will be able to take for example the value “1”
since 1t 1s assumed that the value “0” 1s used to totally
deactivate the direction detection strategy. In this typical
case, as explained above, it 1s therefore considered that the
target transits in front of the bidirectional sensor in the
backward direction of rotation.

Thus, whenever a software interrupt 1s requested, passing,
via the component of DMA type, the value of the register
THMI 1s modified instantaneously, thus switching succes-
sively from the value THMI_MIN and then THMI_MAX,
and so on and so forth. The time to perform a Change of the
value of the register THMI 1s very short and remains less
than the duration of the active level. Thus the value of this
register 1s changed before the inactive edge 1s processed
using said value. Likewise, 11 a detection 1s made on an
iactive edge, the change of register value will be effective
tor the following active edge. All the steps described relating
to the change of value in the register THMI, from the
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detection of the active edge on one of the signals indicating
a change of direction, are carried out instantaneously and do
not cause any delay. There 1s therefore a shiftless updating
of the first component 2 when a change of direction 1is
detected. Other means may be implemented to change the
value of the register THMI. Software processing within an
associated microprocessor may for example be envisaged. In
an internal combustion

engine management system, this solution can be envis-
aged since the detection of reverse direction of rotation 1s
performed only when the engine stops, that 1s to say at very
low revs, and therefore at a moment when the software
loading 1s low.

FIG. 6 presents 1n the form of an algorithm a processing
of the detection of the change of direction within the
sequencer 26. A first step 30 1s an mitialization step. The
direction detection begins only 1f the system 1s ready to
operate. Upon starting an engine, the latter 1s always pro-
pelled in the same direction which corresponds to the
forward direction of rotation. Upon starting, the sequencer
26 theretore considers the target to be rotating 1n the forward
direction of rotation. In the course of step 32 1t analyzes the
signal CRK_BW transmitted by the ARU on standby await-
ing an active edge on this signal. During this detection, the
ARU may receive a command from an associated micro-
processor (box 34) requesting cessation of operation and
therefore the detection of direction of rotation. A step 36 1s
then provided for halting the detection of direction of
rotation of the crankshatt. This solution may correspond for
example to the typical case in which the engine stalls or 1n
case of loss of synchronization or phasing. In this case, the
initialization process (step 30) 1s relaunched.

As long as no command 1s received from the associated
microprocessor, the monitoring continues until detection of
an active edge on the signal CRK_BW 1s obtained (step 38).
During this step 38, a software interrupt 1s requested and the
latter leads to a change of the value of the register THMI. In
the above numerical example, the register THMI then takes
the value THMI MAX.

The sequencer 26 then passes immediately and without
lag to the next step 40. This step corresponds to step 32
described previously but here the sequencer 26 1s on standby
awaiting an active edge on the signal CRK_FW. In a manner
similar to what was described above (box 34') the detection
can be stopped on command of an associated microproces-
sor. In case of stoppage, the sequencer 26 passes to step 36
as explained previously.

When an active edge 1s detected on the signal CRK_FW
(step 42), a soltware interrupt 1s triggered and orders the
change of the value of the register THMI. The latter then
takes the value THMI_MIN 1n the numerical example given
above. The change of direction 1s then recorded by the first
component 2 and the sequencer immediately returns to step
32 of detection on the signal CRK_BW,.

FIG. 7 1llustrates the present invention with the aid of the
signals generated on the basis of the signal provided by the
bidirectional sensor. Chain-dotted lines 4' corresponding to
changes of direction have been represented 1n this figure. On
the left of the figure, 1t 1s assumed that the target 1s rotating
backwards. The directions of rotation (BW for backward and
FW for forward) are mentioned at the top of FIG. 7.

The signal CRK_CNT 1s represented. It exhibits a slot
shape and an arrow each time representing the active edge
of a slot. For the present illustration, the teeth of the target
have been numbered with letters of the Latin alphabet.

Below the signal CRK_CNT are the signals CRK_FW

and CRK_BW. On these signals, an arrow indicates the
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active edges allowing detection of a change of direction.
Below the signal CRK_BW, a chart illustrates the values
taken by the register THMI. To each edge corresponding to
a change of direction detected on the signals CRK_BW and
CRK_FW there corresponds a change of the value of the
register THMI.

The last line 1n FIG. 7 corresponds to the processing done
by the first component 2 (DPLL). The signal received by this
first component corresponds to the signal CRK_CN'T which
1s 1jected into the first input 18 of this component. Arrows
44 1llustrate the detection of the change of direction by the
first component 2. It 1s noted that this detection of change of
direction 1s carried out with a delay of one tooth. On account
of the detection delayed by the first component 2 of the
change of direction, it 1s appropriate to correct the number
of the tooth detected by the first component 2 just before
detecting the change of direction. These automatic correc-
tions 46 are 1llustrated at the bottom of FIG. 7. Thus, the first
component 2 correctly analyzes the signal received and can
provide an exact angular clock.

The main advantage presented by the solution proposed
by the present invention is that of allowing the use of a
component adapted for processing a type of signal provided
by one bidirectional sensor to another bidirectional sensor
providing different signals. The internal strategy of the
digital phase locked loop for detecting a change of direction
1s unchanged.

This adaptation 1s carried out here while limiting the
clectronic means to be implemented to carry out this adap-
tation. The electronic hardware necessary here corresponds
only to the means for processing the signal of the bidirec-
tional sensor. Such means cost much less than the develop-
ment and the fabrication of an electronic component inte-
grating an adapted software solution (ASIC).

The solution proposed here has the advantage furthermore
of having no impact on the loading of a microprocessor. The
solution described hereinabove uses only the internal
resources of the generic timer module (GTM), 1n conjunc-
tion with the component of DMA type. This also has the
advantage of having immediate processing which eliminates
any risk ol uncontrolled desynchronization related to a delay
in the change of configuration of the digital phase locked
loop.

The strategy proposed here 1s flexible. It can adapt to
various types of bidirectional sensors, especially diverse
types of sensors with variable voltage and with

different types of behavior 1n case of change of direction.
Furthermore, as emerges from the preceding description, 1t
can also adapt to the hardware environment. It may be noted
here that this tlexibility could not be achieved with the use
of an ASIC (*Application-Specific Integrated Circuit”).

Of course, the present invention 1s not limited to the
embodiment described hereinabove by way of nonlimiting
example and to 1ts variant embodiments mentioned. It also
relates to all variant embodiments within the scope of the
person skilled 1n the art from this description.

The 1nvention claimed 1s:

1. A method for processing a signal (CRK) provided by a
bidirectional sensor detecting the transit of teeth of a target
with a view to generating an angular clock of an internal
combustion engine with the aid of a first electronic compo-
nent (2) receiving the signal originating from the bidirec-
tional sensor, said first component (2) exhibiting means for
determining, 1n a signal exhibiting low-level segments and
high-level segments, whether the length of a segment of a
given level 1s or 1s not greater than a predefined threshold

(THMI), and the signal (CRK) provided by the bidirectional

5

10

15

20

25

30

35

40

45

50

55

60

65

10

sensor being a signal 1n the form of slots comprising at least
low-level segments, high-level segments, and intermediate-
level segments, each slot corresponding to the transit of a
tooth of a target in front of the sensor and the signal also
comprising characteristics making 1t possible to determine
the direction of transit of the tooth, wherein the method
comprises the following steps:

generation of a first signal (CRK_CNT) utilizing all the

slots of the signal provided by the sensor but exhibiting,
only segments corresponding to a first level and seg-
ments corresponding to a second level,
generation of a second signal (CRK_FW) utilizing the
slots of the signal provided by the sensor and corre-
sponding to a first direction of transit of a tooth 1n front
of the sensor, and exhibiting a constant level during the
rotation of the target 1n the second direction of transit,

generation of a third signal (CRK_BW) utilizing the slots
of the signal provided by the sensor and corresponding
to the second direction of transit of a tooth in front of
the sensor, and exhibiting a constant level during the
rotation of the target in the first direction of transit,

connection of the first signal (CRK_CNT) to the mnput of
the first electronic component (2),

connection of the second signal (CRK_FW) and of the
third signal (CRK_BW) to a second electronic compo-
nent (GTM, 24, 26),

detection by the second electronic component (GTM, 24,
26) of nsing and/or falling edges of the second signal
(CRK_FW) and of the third signal (CRK_BW),

change of the value of the predefined threshold (THMI) 1n
the first component (2) when the second electronic
component (GTM, 24, 26) detects an edge on one of the
two signals connected to the second component
whereas the previous edge has been detected on the
other signal, the threshold value being able to take
cither a first predefined value termed the maximum
value or a second value, termed the predefined mini-
mum value, 1n such a way that the length of the slots 1s
always on one and the same side of the corresponding
threshold.

2. The processing method as claimed 1n claim 1, wherein
the third signal (CRK_BW) 1s obtained by taking the dii-
terence between the first signal (CRK_CNT) and the second
signal (CRK_FW).

3. The processing method as claimed in claim 1, wherein
the detection of rising and/or falling edges of the second
signal (CRK_FW) and of the third signal (CRK_BW) 1s
carried out by carrying out the detection on one signal, and
then, as soon as a sought-after edge 1s detected, the detection
1s carried out solely on the other signal, until a sought-after
edge 1s detected thereon.

4. An electronic device comprising means for the imple-
mentation of each of the steps of a processing method as
claimed 1n claim 1.

5. The electronic device as claimed 1n claim 4, wherein
the device comprises a generic timer module (GTM) nside
which are embedded the first component (2) and the second
component (24, 26), as well as at least one third component
outside the generic timer module so as to generate the first
(CRK_CNT), the second (CRK_FW) and the third signal
(CRK_BW).

6. The electronic device as claimed 1n claim 4, wherein
the first component (2) 1s a phase locked loop.

7. A management system of an internal combustion
engine, wherein the system comprises an electronic device
as claimed in claim 4 as well as at least one bidirectional
SEeNsor.
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8. The processing method as claimed in claim 2, wherein
the detection of rising and/or falling edges of the second
signal (CRK_FW) and of the third signal (CRK_BW) 1s
carried out by carrying out the detection on one signal, and
then, as soon as a sought-after edge 1s detected, the detection
1s carried out solely on the other signal, until a sought-after
edge 1s detected thereon.

9. The electronic device as claimed in claim 5, wherein
the first component (2) 1s a phase locked loop.

10. A management system of an internal combustion
engine, wherein the system comprises an electronic device
as claimed in claim 5 as well as at least one bidirectional
SENSor.

11. A management system of an internal combustion
engine, wherein the system comprises an electronic device
as claimed 1n claim 6 as well as at least one bidirectional
SENnsor.
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